The most stringent dietary recommendations of the National Cholesterol Education Program (NCEP) are to limit fat intake to <30% of calories, saturated fat intake to <7% of calories, and cholesterol intake to <200 mg/d (Step 2 diet). There is debate as to whether the remaining fat in the diet should be relatively high in monounsaturated or poly unsaturated fatty acids. We examined this issue by testing the effects of diets meeting the aforementioned guidelines that were enriched in three different vegetable oils on plasma lipids in the fasting and postprandial states in a clinically relevant population. Female and male subjects (n=15, mean age, 61 years) with low-density lipoprotein cholesterol (LDL-C) concentrations >130 mg/dL were studied under strictly controlled conditions. Subjects were first placed on a diet similar to that currently consumed in the United States to stabilize plasma lipids with respect to identical fat and cholesterol intakes. The subjects then received diets meeting NCEP Step 2 criteria in which two thirds of the fat calories were given either as canola, corn, or olive oil in a randomized, double-blinded fashion for 32 days each. Plasma cholesterol concentrations declined after consumption of diets enriched in all the test oils; however, the declines were significantly greater for the canola (12%) and corn (13%) than for the olive (7%) oil-enriched diet Mean plasma LDL-C concentrations declined after consumption of diets enriched in all the test oils (16%, 17%, and 13% for canola, corn, and olive oil, respectively), and the magnitude of the declines was statistically indistinguishable among the test oils. Mean plasma high-density lipoprotein cholesterol (HDL-C) concentrations declined after consumption of the baseline diet, and these declines were significant for the canola (7%) and corn (9%) oil-enriched diets. Changes in LDL apolipoprotein (apo)B concentrations paralleled those of LDL-C. Switching from the baseline to the vegetable oil-enriched diets had no significant effect on plasma triglyceride, apoA-I, and lipoprotein(a) concentrations or the total cholesterol to HDL-C ratio. LDL apoB to apoA-I ratios were significantly reduced when the subjects consumed the vegetable oil-enriched diets. Differences similar to those observed in the fasting state were observed in the postprandial state. The major finding of this study is that significant reductions in LDL-C and apoB levels can be achieved in middle-aged and elderly women and men with initial LDL-C levels > 130 mg/dL by reducing dietary saturated fat and cholesterol intake and by incorporating vegetable oils rich in either monounsaturated fatty acids (canola and olive oil) or polyunsaturated fatty acids (corn oil) as part of an NCEP Step 2 diet Although differential effects were seen after the consumption of the three different oil-enriched diets in some plasma lipid measures, none of these oils had a significant advantage in terms of altering the overall lipoprotein profile. {Arterioscler Thromb. 1993;13:1533-1542.)
disease, especially in subjects with elevated plasma LDL-C concentrations. 1 ' 2 Of the remaining fat in the diet, it is recommended that up to 10% come from polyunsaturated fatty acids and that 10% to 15% come from monounsaturated fatty acids.
A major issue with regard to dietary intervention in the general population as well as in subjects with hypercholesterolemia is what the appropriate dietary fat should be when sources of saturated fat are decreased. Should the saturated fatty acids be partially replaced with vegetable oils rich in polyunsaturated fatty acids, as originally recommended, 34 or by oils rich in monounsaturated fatty acids, as more recently suggested? 5 ' 6 This issue is extremely important from both a clinical and a public health perspective. Dietary counseling to reduce total and saturated fat intake by reducing the consumption of dairy and animal fats is far more straightforward than counseling to reduce total and saturated fat intake and optimize intakes of monounsaturated and polyunsaturated fatty acids. Although a plethora of information regarding this subject is available, a critical issue that remains to be resolved is whether, in the context of the current recommendations for total fat intake (<30% of calories) and in a clinically relevant population, more specific guidance should be given in terms of actual types of vegetable oils to be consumed. Currently, there appears to be considerable confusion within the general population with regard to optimal fat and oil consumption.
It has been repeatedly reported that diets high in polyunsaturated fatty acids relative to saturated fatty acids will reduce the levels of total cholesterol and LDL-C but will also reduce the levels of high-density lipoprotein cholesterol (HDL-C). 710 Similarly, it has been known for some time that diets low in total fat and high in carbohydrate not only lower plasma total cholesterol and LDL-C but also lower HDL-C levels. 1012 However, historically more emphasis was given to polyunsaturated to saturated fatty acid ratios than to total fat or polyunsaturated and monounsaturated fatty acid intake. This occurred in part because of the early reports by both Hegsted et al 3 and Keys et al, 4 which suggested that the consumption of polyunsaturated fatty acids tended to have a hypocholesterolemic effect, whereas consumption of monounsaturated fatty acids tended to have a neutral effect on plasma cholesterol. More recently, a number of investigators have studied the differential effects of polyunsaturated and monounsaturated fatty acids on plasma lipoproteins and have reported that the replacement of saturated fat with either class of fatty acids resulted in the lowering of LDL-C concentrations. 13 -28 Moreover, some investigators have noted that the monounsaturated fatty acidrich diets caused less reduction in HDL-C levels than the polyunsaturated fatty acid-rich diets, while other investigators have not observed such differences. 1328 Differences in study results may relate to the total fat content of the diet as well as the type of subjects studied.
The purpose of the current study was to assess the effects of consuming oils relatively high in monounsaturated or polyunsaturated fatty acids as part of an NCEP Step 2 diet in middle-aged and elderly women and men who had LDL-C levels > 130 mg/dL at screening and for whom such diets are most frequently rec-ommended. In addition, the oils that were used are commercially available and were not specially formulated for this study. Our data indicate that all of the oils examined (canola, corn, and olive) are effective when used as part of an NCEP Step 2 diet in causing significant reductions in LDL-C and that consumption of none of these vegetable oil-enriched diets had a significant advantage in terms of altering the overall lipoprotein profile.
Methods

Subjects
Fifteen middle-aged and elderly subjects (8 women and 7 men) with a mean age of 61 years (range, 44 to 78 years) and with LDL-C levels >130 mg/dL (range, 133 to 219 mg/dL) provided a medical history, underwent a physical examination, and had clinical chemical analyses performed before enrollment in the study. Ah" of the women were postmenopausal. The subjects had no evidence of any chronic illness, including hepatic, renal, thyroid, or cardiac dysfunction. They did not smoke and were not taking any medication known to affect plasma lipid levels (lipid-lowering drugs, /3-blockers, diuretics, or hormones). One male subject dropped out of the study shortly after it began because of scheduling problems, and his data were not included in the analyses. This protocol was approved by the Human Investigation Review Committee of New England Medical Center and Tufts University.
Experimental Design
This study was composed of four 32-day phases with a 1-to 2-week break between each phase when the subjects were consuming their habitual ad libitum diets. We have previously reported that plasma lipids stabilize by week 4 of a 24-week period after consumption of a baseline and fat-modified diet. 29 All subjects consumed a diet similar in fat to that currently consumed in the United States 30 and then in randomized order consumed the three vegetable oil-enriched diets designed to meet the NCEP (Adult Treatment Panel) Step 2 guidelines. 12 Consumption of the baseline diet before the test diets may have biased the results of the investigation; however, if any drift occurred, we believed that, given the controlled nature of the study, it would be small. An additional diet phase was included in the randomization scheme but was eliminated from this analysis and will be reported separately. All experimental diets were identical, except that one third of the fat was derived from the food components of the diet and two thirds of the fat was derived from one of the three test oils, ie, canola, com, and olive. All food and drink were provided by the metabolic research unit of the USDA Human Nutrition Center on Aging at Tufts University for consumption on site or were packaged for take-out. Subjects were required to report to our metabolic research unit at least three times per week, have their blood pressure and weight measured at each visit, and consume at least one meal on-site each time. Four times during the final weeks of each study phase, fasting blood samples were obtained for lipid and apolipoprotein determinations. During the final day of each diet phase all subjects remained in the metabolic research unit. While consuming their three meals plus one snack Values are mean±SD and are the percentages of total fatty acids.
at standardized intervals, blood samples were obtained at the 0-, 5-, 8-, 10-, and 24-hour time points. Breakfast was served just after zero hour (8 AM), lunch at noon (4-hour point), supper at 5 PM (9-hour point), and a snack at 8 PM (12-hour point). Once during week 3 and again at week 5, fasting blood samples were obtained for plasma fatty acid analysis. The subjects were encouraged to maintain their habitual level of physical activity.
The baseline diet phase was designed to provide 15% of calories as protein, 49% as carbohydrate, 36% as fat (15% saturated, 15% monounsaturated, and 6% polyunsaturated), and approximately 180 mg cholesterol per 1000 kcal and was used to stabilize the study subjects at a denned level of fat and cholesterol intake. The subjects were then switched to diets meeting the NCEP Step 2 guidelines that were designed to provide approx-imately 15% of calories as protein, 55% as carbohydrate, 30% as fat (<7% saturated, 10% to 15% monounsaturated, and <10% polyunsaturated), and <100 mg cholesterol per 1000 kcal. Two thirds of the fat in each of the three experimental phases (20% of calories) was provided by the test oil. The oil was incorporated into the diet by adding it to various food combinations. The oils were given letter designations, and the investigators, food service personnel, and study subjects were blinded as to the identity of each oil. The fatty acid profiles of the dietary oils are shown in Table 1 . Triplicate preparations of each complete meal cycle (3 days) for each diet phase were analyzed by Hazleton Laboratories America, Inc, Madison, Wis. The composition, fatty acid profile, and cholesterol content of the diets are shown in Table 2 . In general there was good agreement between the analytical and calculated data except for cholesterol, which was consistently overestimated by the food composition tables.
Caloric intake was adjusted when necessary to maintain the body weight of the subjects. If such changes were necessary, they usually occurred within the first 2 weeks of the study period. Maximal weight variations throughout the study were ±1.5 kg. The mean daily caloric intake was 2700±592 kcal (range, 2000 to 4000 kcal). The mean daily cholesterol intake during the baseline period was 346±76 mg (range, 256 to 512 mg) and during the vegetable oil-enriched periods was 224±49 mg (range, 166 to 332 mg).
Biochemical Analysis
Fasting (14-hour) blood was collected in tubes containing EDTA (0.1%), and very-low-density lipoprotein (VLDL) was isolated from plasma by a single ultracentrifugational spin (39 000 rpm, 18 hours at 4°C). Both the plasma and the 1.006-g/mL infranatant were assayed for total cholesterol and /or triglycerides with an Abbott Diagnostics ABA-200 bichromatic analyzer and enzymatic reagents. 31 HDL-C was measured as previously described. 32 Non-HDL-C (total cholesterol minus HDL-C) was determined in postprandial plasma after HDL-C precipitation. Lipid assays were standardized through the Lipid Standardization Program of the Centers for Disease Control and Prevention, Atlanta, Ga. Within-run and between-run coefficients of variation of these assays was <2% for cholesterol and <2.5% for triglyceride.
Apolipoprotein (apo) B was assayed with a noncompetitive enzyme-linked assay using immunopurified polyclonal antibodies in plasma after VLDL had been removed. 33 Although this value represents the sum of apoB within LDL and intermediate-density lipoprotein (IDL), because of the small contribution of IDL apoB to the total, it will be referred to as LDL apoB. Plasma apoA-I was assayed in the same manner using apoA-I polyclonal antibodies. 34 Coefficients of variation for both assays were <5% within runs and <10% between runs. Assays were standardized with LDL that contained only apoB and purified apoA-I, with the protein content determined by amino acid analysis. Lipoprotein(a) [Lp(a)] was quantitated using an enzyme-linked assay, a monoclonal antibody as the first antibody that did not cross-react with plasminogen, and a polyclonal antibody as the second antibody directed against the apo(a) portion of the Lp(a) particle (Terumo Medical Corp, Elkton, Md).
Fatty acid methyl esters were prepared from lipid extracts of plasma as previously described. 35 The fatty acid methyl esters were analyzed on a Hewlett-Packard 5890 gas-liquid chromatograph fitted with a 105-m fused-silica capillary column and liquid-phase RTX 2330 (Restek Corp, Port Matilda, Pa) and were detected with a flame-ionization detector as previously described. 3 * Peak identification was validated by chromatography of mixtures of authenticated fatty acid methyl esters. The fatty acid profile of the dietary oils was determined as previously described. 37 
Statistical Analysis
The data were analyzed using SAS (Statistical Analysis System) for both the personal computer (IBM compat-ible), version 6.04, and a VAX mainframe 11/780 (Digital Equipment Corp, Maynard, Mass). 3* PROC GLM was used for regression and for the univariate analysis of variance procedures for repeated measures, followed by Tukey's t test or Dunnett's t test carried out at the P=.05, .01, and .001 levels of comparison.
Results
The characteristics of the study subjects are shown in Table 3 . As a group they were middle aged and elderly women and men, with somewhat increased body mass indices. At the start of the study their plasma cholesterol concentration was 237±22 mg/dL (mean±SD), and the LDL-C concentration was 164±21 mg/dL, indicating that the subjects who were chosen to participate in the study were from a subset of the population who are prime targets for dietary modification. Mean plasma HDL-C and triglyceride concentrations were between the 10th and 90th percentiles of age-and sex-adjusted norms. Mean systolic/diastolic blood pressure at the end of the baseline phase was 112±12/71±6 mm Hg and was not significantly affected by any of the experimental diets.
Plasma fatty acid patterns were assessed in part to confirm dietary compliance. Since the data for plasma fatty acids that were determined during weeks 3 and 5 of each study period were not statistically different, mean values are presented ( Table 4 ). Consumption of each of the vegetable oil-enriched diets resulted in a characteristic plasma fatty acid profile that was related to the fatty acid content of the diet ( Table 2 ). Any deviation from this pattern would have suggested noncompliance of a study subject. No such deviations were observed, and there was remarkable similarity in plasma fatty acid profiles among study subjects for each phase. Consumption of the olive oil-enriched diets resulted in the highest relative proportion of oleic acid in the plasma of all study subjects. Consumption of the canola oil-enriched diet resulted in a relatively high proportion of oleic acid as well as a striking increase (threefold) in the relative proportion of a-linolenic acid (18:3 n3). Plasma obtained from subjects during consumption of the corn oil-enriched diet was relatively high in linoleic acid and low in oleic acid. Values are mean±SD and are percentages of total plasma fatty acids for n = i 1.
Mean plasma cholesterol concentrations declined during consumption of all the vegetable oil-enriched diets ( Table 5 ). This decline was significantly less with the olive oil-enriched diet (7%) than with the canola (12%) or corn (13%) oil-enriched diets. Relative to the baseline phase, LDL-C levels declined by 16%, 17%, and 13% when subjects consumed the canola, corn, and olive oil-enriched diets, respectively, and LDL-C concentrations were not significantly different among the oil-enriched diet periods. Mean HDL-C concentrations were 48 ±10 mg/dL during consumption of the baseline diet and declined to 44+10, 44±9, and 46+9 mg/dL *An analysis of variance using the four diets with main effects of diet and subject (at P=.O5) followed by Dunnett's two-tailed / test at the P= .05, P=.01, and P= .001 levels of significance was used to determine whether the canola, corn, and olive oil diets differed from baseline. tAn analysis of variance using the three vegetable oil-enriched diets with main effects of diet and subject (P= .05) followed by Tukey's t test was used to determine whether there were differences among the test diets. Absolute values without a common symbol are significantly different at P<.01. by guest on February 21, 2017 http://atvb.ahajournals.org/ Downloaded from during consumption of the canola, corn, and olive oil-enriched diets, respectively. These decreases in HDL-C concentrations relative to mean levels at the end of the baseline period were significant for the periods when the subjects consumed the canola and corn oil-enriched diets but not the olive oil-enriched diet. There was no significant difference in the total cholesterol to HDL-C ratio among any of the diet phases.
Relative to the period when the subjects consumed the baseline diet, LDL apoB concentrations declined by 20%, 21%, and 16% after consumption of the canola, corn, and olive oil phases, respectively. There were no significant differences in LDL apoB concentrations among the different vegetable oil-enriched phases. There was no significant effect of diet or type of oil consumed on fasting plasma triglycerides, VLDL-C, apoA-I, or Lp(a) concentrations; ie, no changes were observed compared with baseline or among the oilenriched diets, with the exception of elevated VLDL-C concentrations during consumption of the olive oilenriched diet. LDL apoB to apoA-I ratios were significantly lower after consumption of all diets meeting NCEP Step 2 criteria compared with the baseline diet. There was no significant difference in the magnitude of the reduction conferred by the type of dietary fat consumed. No significant effects attributable to gender were observed for any of these and subsequent measures (data not shown).
Postprandial plasma lipid concentrations were assessed three times during the final 24-hour period of each diet phase while the subjects consumed their three meals plus one snack (Table 6 ). Mean postprandial plasma triglyceride concentrations (5-, 8-, and 10-hour time points) were approximately twofold higher than fasting values and were statistically different from fasting values for all diet phases. By 24 hours, plasma triglyceride concentrations were indistinguishable from the initial fasting values regardless of dietary treatment. Although not significant and due in part to the large variability in response among the individual study subjects, postprandial triglyceride concentrations at the 10-hour time point tended to be higher during consumption of the three vegetable oil-enriched diets than during the baseline phase, perhaps reflecting the increased carbohydrate intake. There were no significant differences in fasting or postprandial plasma triglyceride concentration among the test oils. Postprandial plasma cholesterol and non-HDL-C concentrations were not significantly different from fasting values. In contrast, HDL-C concentrations consistently exhibited a postprandial fall of 6.8% to 10.9%, which was significantly different from fasting levels but not significant among test oil phases.
Consumption of the fat-modified diets resulted in significantly lower plasma total cholesterol and non-HDL-C concentrations compared with the baseline period, and the differences identified in the fasting state were maintained in the nonfasting state. No statistically significant differences in triglyceride concentrations were observed after consumption of the baseline diet relative to the oil-enriched diets. HDL-C concentrations were lower during the periods when the subjects consumed the fat-modified diets compared with the baseline period; however, the differences did not con-sistently reach statistical significance, perhaps reflecting the sample size. Observed differences among the periods when the subjects consumed the oil-enriched diets for total cholesterol and non-HDL-C that were significant in the fasting state were maintained in the postprandial state. Total cholesterol and non-HDL-C concentrations were higher while the subjects consumed the diets enriched in olive oil compared with canola and corn oil. There were no statistically significant differences in triglyceride concentrations among the oilenriched diet periods, and differences in HDL-C concentrations rarely reached statistical significance. Table 7 summarizes the observed and predicted changes from baseline in plasma cholesterol as calculated with the equations of Hegsted 39 and Keys, 40 which were generated from the data collected in the 1960s. The Hegsted equation underestimated the changes in serum cholesterol for all the oils tested (18.3%, 6.5%, and 15.3% during consumption of the canola, corn, and olive oil-enriched diets, respectively). The observed changes were also underestimated for all the oils tested when calculated with the Keys equation (22.0%, 17.0%, and 17.2% during consumption of the canola, corn, and olive oil-enriched diets, respectively). Such underestimations may be related to the type of subjects studied who were older and moderately hypercholesterolemic.
Discussion
The central issue addressed in this study was whether, in a clinically relevant population, the consumption of diets enriched in commercially available oils relatively high in either monounsaturated or polyunsaturated fatty acids offers a selective advantage in terms of lowering LDL-C concentration and minimizing the decrease in HDL-C concentration that are normally observed in the context of a diet relatively low in total fat, saturated fat, and cholesterol as currently recommended by the NCEP. 12 Under the conditions of these studies and relative to the baseline diet, consumption of the reduced-fat and cholesterol diets enriched in specific vegetable oils resulted in significant reductions in total cholesterol, LDL-C, and apoB levels. The olive oil-enriched diet was the least effective in lowering LDL-C concentrations. All oils tested, when incorporated into the diet as 20% of calories, lowered HDL-C, although the change was not significant when the subjects consumed the olive oil-enriched diet. These differences among the oils did not significantly affect the total cholesterol to HDL-C or the LDL apoB to apoA-I ratios.
Two independent reports published in the 1960s that involved a series of clinical trials indicated that consumption of most saturated fatty acids increased plasma cholesterol, polyunsaturated fatty acids decreased plasma cholesterol, and monounsaturated fat was neutral. 3 -4 The advent of a more refined methodology to monitor individual lipoprotein concentrations revealed that the decrease in plasma cholesterol resulting from a decreased consumption of saturated fat and an increased consumption of polyunsaturated fat was attributable to decreases in both LDL-C and HDL-C levels. 7 -8 -10 Subsequent work suggested that consumption of diets relatively high in monounsaturated fatty acids compared with polyunsaturated fatty acids had the advantage of selectively decreasing LDL-C while mini- Effect of fasting vs feeding: A three-way analysis of variance with main effects of diet, time, and subject showed that time was a significant variable for only triglycertde and HDL-C. Tukey's t test showed the results below. Values without common symbols are significantly different at P<.01 for triglycerlde and at P<.001 for HDL-C.
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Comparison to baseline at each time point: An analysis of variance with the baseline and all three vegetable oil-enriched diets showed that there were significant differences (P=.O5) between the three test diets and baseline for total cholesterol, non-HDL-C, and occasionally HDL-C. Dunnett's ftest for comparison of each oil with the baseline was carried outatP=.05, P=.01, andP=.0O1. Ellipses indicate that comparisons of the analysis of variance suggested no overall differences.
Comparison of each of the three oils with each other: An analysis of variance using only data from the three vegetable oil-enriched diets showed significant differences for total cholesterol and non-HDL-C. Tukey's t test was canted out at P=.O5. Values without a common symbol were significantly different.
mizing the decrease in HDL-C. 13 Confirmation of this observation has not been consistent. 1328 A difference among the studies, resulting in different findings, may be related to the total and monounsaturated fat content of the diets or the source of monounsaturated fatty acids.i3.22.z7 Those reports that did not distinguish the HDL-C-lowering effects between monounsaturated and polyunsaturated fatty acids were derived from studies that used diets that conformed to the NCEP recommendations 16 -20 ' 23 ' 26 and that were higher in calories from fat (>36%). 1415 -1719 ' 21 ' 2i - 28 It is noteworthy that the initial work used a cholesterol-free formula that cannot be mimicked with the use of natural foods under normal circumstances unless subjects adhere to a strict vegan diet. 13 Our data indicate that when an oil high in monounsaturated fatty acids, such as canola oil, is incorporated into the diet, LDL-C and HDL-C concentrations are lowered to the same extent as when an oil high in polyunsaturated fatty acids, such as corn oil, is incorporated into the diet within the context of an striking reductions in LDL-C and HDL-C concentrations. This may be a reflection of the slightly higher levels of saturated fatty acids and lower levels of polyunsarurated fatty acids. We observed 12%, 13%, and 7% decreases in total cholesterol when the subjects consumed diets meeting NCEP Step 2 criteria that were enriched in canola, corn, and olive oil, respectively. The relative differences in the magnitude of the response among the different oilenriched diets was consistent with what would have been predicted by the equations of Hegsted 39 and Keys, 40 although in all cases the differences were greater than those predicted. The mean change was 11%. The magnitude of the decrease in plasma cholesterol was somewhat greater than that reported for diets meeting NCEP Step 1 criteria by some groups 18 -41 but less than that reported by others. 4244 A distinguishing characteristic of the group of subjects who participated in the current study was their elevated plasma cholesterol level and advanced age relative to the previous studies. However, since our findings were somewhere in between previously reported results, these factors do not account for the observed differences. Although not obvious, differences in the composition of the baseline or fat-modified diets and/or other characteristics of the subjects may have contributed to the differences observed among the studies. The magnitude of the decrease in plasma cholesterol was somewhat less than that reported for diets meeting NCEP Step 2 criteria. 43 ' 45 However, in both cases the baseline diets were higher in both total and saturated fat, and the reducedfat diets were lower in total and saturated fat.
Although the HDL-C concentration of the study participants was decreased in response to consumption of the diets meeting the NCEP Step 2 guidelines, there was no significant effect of diet on apoA-I levels. These data suggest that the composition of the HDL particles has changed, becoming somewhat lipid depleted. One can speculate that lowering HDL-C concentrations without lowering apoA-I concentrations may not have the same physiological ramifications as lowering concentrations of both lipoprotein components. Additionally, the mechanisms resulting in low HDL-C concentrations induced by diet have been distinguished from those that are associated with low HDL-C levels among people on the same diet. 46 This finding raises the possibility that a diet-induced lowering of HDL-C does not have the same physiological impact as relatively low HDL-C levels that are independent of diet. In addition, the LDL-C and HDL-C lowering observed on the test diets relative to the baseline diet may have been due in part to the replacement of some saturated fat with carbohydrate.
When fat in the diet is replaced by carbohydrate, it has been reported that plasma triglyceride levels increase. 4749 Fasting plasma triglyceride concentrations were not increased when the subjects were switched from diets with fat contents of 36% of calories to 29% of calories. These data suggest that the actual increase in carbohydrate intake (7%), more moderate than previously investigated, may have been below the threshold to elicit such a response. Recent evidence indicates that multiple, small increases in dietary carbohydrate are less hypertriglyceridemic than are large increments. 50 Alternatively, the subpopulation chosen to participate in this study, who were older and normotriglyceridemic, may not be as sensitive to dietary-induced increases in carbohydrate intake as are other individuals. Interestingly although not statistically significant, there was a clear trend for nonfasting triglyceride levels to be somewhat higher on all experimental diets compared with the baseline diet. Whether these data represent a point at which the system is stressed by increased dietary carbohydrate, as has been previously reported in the fasting state, needs further investigation.
In the current study, a decrease in the postprandial HDL-C concentration was observed while the subjects consumed three meals plus one snack over a 24-hour period. This observation was consistent for all diet phases, and the magnitude was independent of the diet consumed and is not without precedence. The decrease was inversely associated with although preceded by changes in plasma triglyceride levels, as has been observed after a single fat load and attributed to triglyceride metabolism. 51 " 54 No differences in lipoprotein response to diets that could be attributable to gender were observed in this study. Because all of the women in this study were postmenopausal, we cannot determine whether similar results would have been obtained in women of childbearing age. However, postmenopausal women are more likely to have elevated LDL-C levels and hence, to be candidates for diet therapy.
Although consuming a single source of oil as 20% of calories is somewhat unusual, the total amount of oil incorporated into the diets was not unreasonable. An alternate approach would have been to incorporate a blend of oils into the diet to achieve a high monounsaturated or polyunsaturated mix and a perfect 1:1 substitution. There did not appear to be a selective advantage to this approach. Moreover, with the approach taken, we could test the effects of each oil as available directly.
It should be stressed that in the context of an NCEP Step 2 diet, inclusion of any of the vegetable oils tested resulted in a significant decrease in plasma lipids and apoB concentrations compared with baseline levels and brought mean LDL-C values close to or below desirable levels (<130 mg/dL). No advantage of consuming diets relatively high in monounsaturated versus polyunsatu-by guest on February 21, 2017 http://atvb.ahajournals.org/ Downloaded from rated fatty acids in the context of natural food diets was evident. At the present time there remain confusion and misunderstanding with respect to the use of dietary fats and oils. Our data are consistent with the view that following the current NCEP Step 2 recommendations in middle-aged and elderly modestly hypercholesterolemic subjects results in a mean LDL-C reduction of 15±2% compared with a typical US diet and that oils rich in either polyunsaturated or monounsaturated fatty acids can be used to substitute for saturated fatty acids as part of an NCEP Step 2 diet.
